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Air-Blast Circuit-Breakers. 


By A. R. BLANDFORD, M.LE.E., Chief Engineer and Manager, Switchgear Department. 


(Abstract of Paper read before the Institution of Electrical Engineers. London, 4th March. 1943. 
continued from page 155, Vol. X. No. 7). 


BREAKER ARRANGEMENT—II1 KV. 


A typical design of indoor air-blast breaker is 
illustrated in Fig. 4 (page 153, vol. x, No. 7) 
and Fig. 8. This breaker has a maximum rating of 
500 MVA at 11 kV. The air-storage tank is 
arranged for standing on the ground, the tank 
forming the base on which the breaker parts are 
mounted. The blast-valve housing is mounted 
on the tank, and the valve proper is on the inside 
of the tank. From the blast-valve housing the 
aid-feed pipes of minimum length and bends are 
taken to the base of hollow insulators which sup- 
port the interrupting chambers, the isolator- 
operating cylinder and mechanism. 

The control relays are mounted together with 
the auxiliary switches on a platform extended 
from the air-storage tank. The interrupting 
chambers exhaust into spiral-plate cooling muff- 
lers. The operation of the isolators is achieved 
after the moving interrupting contacts have 
operated. The interrupting chambers and the 
isolators are at line potential when the isolators 
are closed, engaging the contacts at the top of 
the supporting insulators and forming the one 
set of line connections. The other line connec- 
tions are taken from the post or fixed contacts 
at the exhaust end of the interrupting chambers. 


OPENING OPERATION. 


Electrical or manual operation of the relay 
valve admits air to the outer piston of the main 
blast valve, which has a greater area than the 
valve proper. This causes the operation of the 
main blast valve, which allows air to pass through 
the three air-feed pipes to the base of the hollow 
insulators supporting the interrupting chambers. 
The moving contact is attached to a piston rod, 
at the other end of which is fixed a piston outside 


the interrupting chamber. A_ restricted air 
connection is provided between the interrupting 
chamber and the cylinder which houses the piston 
of the moving contact. The moving contact is 
normally held closed by the action of a strong 
spring. The air pressure builds up in the inter- 
rupting chamber and through the restricted 
opening the pressure actuates the moving-contact 


Fig. 8.—11 kV, 500 MVA Air-blast 
(isolators open). 


Circuit-breaker 
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Fig. 9a.—Electromagnetic oscillogram showing 10% 
test duty on an air-blast circuit-breaker rated at 11kV., 
350 MV A, and fitted with damping resistors. 


piston, causing the contact to open the required 
distance from the hollow cylindrical stationary 
contact. As the latter provides the air outlet a 
blast of air at high velocity is forced axially along 
the arcing zone immediately the are is drawn, 
resulting in a minimum release of are energy 
and preventing re-ignition at the first current 
zero, allowing not less than } cycle of arcing time. 

When the moving-contact piston has reached 
the desired travel it uncovers a valve in the walls 
of the isolating-switch cylinder, and thus admits 
air to the piston actuating the isolating switch, 
causing the latter to open. This arrangement 
forms a positive pneumatic interlock as the 
opening operation of the isolator cannot commence 
until after the moving contact is in the fully 
open position, and this provides a sufficient time 
interval to ensure are extinction prior to the 
opening of the isolator. With the final operation 
of the isolator, auxiliary switches cut off the supply 
to the electrically-operated relay valve, causing 
the latter to open and permitting the air in the 
outer piston of the blast valve to escape to 
atmosphere. The blast valve then closes under 
the action of a spring and seals off the supply of 
air in the air-storage tank. The pressure in the 
are chamber falls, but the moving contacts are 
held open by a mechanical gate actuated by the 
isolating contacts. 

The use of separate isolating contacts permits 
a reduction in the mass of the moving contacts 
and, owing to the reduced inertia, allows a very 
rapid opening to the desired distance. 
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Fig. 9b.—Electromagnetic oscillogram showing 100% 
test duty on an air-blast circuit-breaker rated at 11kV., 
350 MVA, and fitted with damping resistors. 


The method of bringing the moving contact 
to rest is important, as obviously bouncing or 
chattering would not be permissible. All forms 
of shock-absorbing materials—rubber, leather, 
etc.—are entirely unsuited to the frequent 
operation required for certain services and for 
which otherwise the air-blast circuit-breaker is 
particularly suited. By suitable buffering of 
the moving contact, endurance tests have shown 
the breaker to be easily capable of making 50,000 
mechanical operations. By a proper selection of 
materials for valves, valve seats, etc., the breaker 
is also equally reliable for infrequent duty. 
There are only the two electro-pneumatic control 
valves and the main blast valve normally under 
pressure. These valves, by the method of 
mounting, are assisted in their function of main- 
taining air-tight joints by the action of the air 
pressure from the air-storage system. 


CLOSING OPERATION. 


Electrical or manual actuation of the closing 
relay valve admits air to the reverse side of the 
isolator-operating piston, causing the isolator to 
close. In the early stages of the closing operation 
of the isolator, and prior to the closing of the 
isolator contact, the moving contact is allowed 
to close under the action of its spring. Retaining 
the moving contact in the “open” position 
whilst the isolator is in the ‘“ open” position 
allows an earlier cut-off of the air when opening, 
thus conserving the air supplies. 

The electro-pneumatic valves are self-sealing, 
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and an operation once started must 
continue until a safety position is 
reached. The breaker is trip-free and 
is arranged to open immediately the 
isolating contacts make contact, should 
a tripping impulse be given while a 
closing operation is being carried out. 

Figs. 9a and 9b show electro- 
magnetic oscillograms for 10 per cent. 
and 100 per cent. breaking duty cycle. 


BREAKER ARRANGEMENT—66 KV. 


A typical design of indoor air-blast 
circuit-breaker is illustrated in Figs. 
10 and 11. This breaker has a maxi- 
mum interrupting capacity of 1,500 
MVA at 66 kV. There are two 
storage tanks, but they are connected 
together by compensating pipes and 
behave exactly as one storage tank. 
Two tanks were used to keep the 
height down to a minimum, as the 
breaker was designed for indoor use. 
The tanks form the base on which 
the breaker parts are mounted. As 
the breaker employs two breaks in_ series, 
there are six blast valves mounted in the air- 
storage tanks; each valve is situated directly 
at the base of the six hollow vertical insulators 
supporting the horizontal interruptor chambers. 
The interruptor chamber at the inside end 
supports the stationary contact of the isolator. 
As for the 11 kV breaker, the auxiliary switches 
and electro-pneumatic relays are mounted on a 
platform attached to the air-storage tanks. The 
interrupting chambers are each divided into two 
sections, and each section exhausts into its own 
separate exhaust chamber fitted with spiral-plate 
cooling mufflers. The interrupting chambers are 
at line potential when the isolator is closed and 


Spiral Plate 
Cooling MufFiers 


Line Terminal. 


Fig. 10.—66kV, 1,500 MVA Air-blast Circuit-breaker 
(isolators open). 


engaging the stationary contact at the end of the 
interrupting chamber. The one line connection 
is at the hinged end of the isolator, and the other 
at the outside end of the interrupting chamber. 


OPENING OPERATION. 


Electrical or manual operation of the electro- 
pneumatic tripping relay admits air to the top 
side of the six main blast valves, which operate 
similarly to that of the 11 kV breaker. The 
moving contacts (of the dome type) form their 
own piston and are normally held closed by the 
action of strong springs. These contacts are 
mounted back to back at the centre of the 
interrupting chambers, with a garter type of 


‘Contacts Main Arc. . | 
Isolating | 
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= | 

Air Flow | 
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Isolating Switch 
Crclinder and Piston 


| Air Tanks 
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Fig. 11.—Diagram of air flow in 66 kV, 1,500 MVA Air-blast Circuit-breaker. 
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contact between them to form the series connec- 
tion. Upon the opening of the blast valves, the 
air is admitted via the hollow insulators to the 
interrupting chambers where the pressure builds 
up. The two contacts of each pole are then 
forced toward each other the required distance 
from the stationary hollow cylindrical contacts, 
owing to the air attempting to escape to atmos- 
phere. A small “air leak” is incorporated 
behind each moving contact to prevent the 
possibility of setting up back-pressure. As the 
hollow stationary contact provides the air outlet, 
a blast of air at high velocity is forced axially 
along the arcing zones immediately the arc is 
drawn, resulting in a minimum release of arc 
energy and preventing re-ignition after the first 
current zero. 

From the base of each hollow insulator 
supporting the interuptor chamber a small air 
pipe is taken ; these six pipes feed to a common 
distributing centre from which is fed the pipe 
leading to the cylinder for opening the isolators. 
The feed to the isolators therefore ensures that 
the isolators cannot attempt to open until after 
the blast valves have opened, thus providing the 
timing necessary for are extinction prior to the 
actual opening of the isolator contacts. A 
mechanically connected control relay maintains 
the air supply until the isolator is in the desired 
open position, after which the air supply is cut 
off, and in this instance the moving contacts 
automatically reset under the action of their 
springs. In this design the three isolators are 
mechanically connected and only one operating 
cylinder is"provided for opening. 


Fig. 12.—Standard self-contained compressor equipment with two separate 
2-stage compressors, driving motor and control gear. 
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Owing to the high rated voltage this breaker is 
not equipped with parallel resistors and conse- 
quently the design has to cater for the rates of 
rise of recovery voltage encountered under the 
severe test station conditions, without damping of 
the test circuit. The moving contacts were 
situated as closely together as possible in order to 
minimise the effect of capacitance on the series 
breaks. The ratio of interrupting ability of the 
single-break to the double-break is approxi- 
mately 1 : 1:7. This simple double-break arrange- 
ment ensures that all are products, are gases, 
etc., are directed away from springs, and confines 
these damaging effects to the fixed and moving 
contacts only. 


CLOSING OPERATION. 


Manual or electrical operation of the electro- 
pneumatic closing valve admits air direct to the 
single closing cylinder for closing the three 
isolators. As the moving contacts are already 
closed, the circuit is completed by the closing of 
the isolator. The hinged end of the isolator is 
supported on hollow insulators through which the 
isolator operating rods pass. 

This design was adopted because it was felt 
that at this voltage there was always the possi- 
bility of high-speed reclosing being required, and, 
with single-phase operation of the interruptor 
units, single-phase discrimination could be readily 
adapted. Because of the high mechanical speed 
of the air operating mechanism and the efficient 
disposal of the ionised gases, the breaker is ideal 
for reclosing duty. In this case the isolating 
switch is not operated, and only the interrupting 

contacts are opened. 


AUXILIARIES. 
Air is supplied to the tanks 


of each individual breaker 
from a conventional main 
receiver. All pressure tanks 


are fitted with safety valves. 
The _ electrically - driven 
standard type of compressor 
unit provides the air supply 
to the main air receiver. The 
compressor and storage units 
may be placed in any con- 
venient remote position. Air 
is compressed in the main 
receiver up to values of 500 Ib. 
per sq. in. and expanded 
through a reducing valve to 
the required operating pres- 
sure. This compression cycle 
considerably reduces the dew 
point below the temperature of 
the ambient air, the extent 
varying with the difference in 
pressure. Non-return valves 
are fitted to the breaker tanks 
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Fig. 13.—Air-blast Cireuit-breaker in withdrawable 
sheet-steel housing. 


to prevent a_ possible feed-back in the 
event of a fall in the system pressure. 
The capacity and pressure of the central 
storage tank is determined by the 
breaking capacity and number of interruptor 
units. For medium-capacity installations a 
conventional type of compressor unit can be 
provided with dual motors and compressors, as 
illustrated in Fig. 12. For the larger installations 
two independent compressors and receivers are 
recommended. An air filter is fitted to the intake 
of the compressor, and a further filter is fitted on 
the high-pressure side of the reducing valves. 
The main air receiver and reducing-valve chamber 
are fitted with water drains. The piping system 
recommended is duplicate supply lines with stop 
valves at each breaker for selection. The pipe 
lines can be interconnected but normally operate 
independently. An incline in the piping system 
facilitates drainage at the ends. 

The moisture content of the air, considerably 
reduced by the pressure cycle through which it 
is passed, has very little or no effect upon the 
electrical or interrupting ability of indoor break- 
hrs, and it is only of concern in so far as it might 
bave a tendency to affect the operation of control 
valves, 
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Each individual breaker air-storage tank and 
the main receiver are fitted with pressure gauges. 
If the pressure in the main receiver falls below 
normal, the compressor motors are automatically 
started up, and should the motors fail to start, 
to restore the pressure, an alarm is given. If the 
pressure in the circuit-breaker air-storage tank 
falls below normal for a predetermined time, then 
an alarm is also given. In case of emergency, 
if it is felt desirable, the breaker may be tripped 
by hand at low pressure under normal load 
conditions only. 


EQuiIpMENT Layouts. 


The horizontal or vertical forms of metalclad 
gear with which we are more familiar in this 
country do not appear to possess any advantages 
when applied to air-blast circuit-breakers. These 
forms were originated for oil circuit-breakers 
where, to facilitate inspection and maintenance, 
provision was usually made for the removal of 
the oil tanks, which necessitated the breaker 
terminals being brought out vertically at the top. 
These conditions do not apply to air-blast circuit- 
breakers, and in the author’s opinion this type of 
circuit-breaker will be found to be more adaptable 
to horizontal drawout equipments of sheet-stele 
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} 4 

4 

: 

i 

= 

y 


THE ENGLISH ELECTRIC JOURNAL 


bustible material. Fig. 13 illustrates 
a standard withdrawable sheet-steel 
equipment up to 11 kV, the 
width and height of which compare 
favourably with oil circuit-breaker 
equipments. 

Fig. 14 represents an interlocked 
cubicle arrangement; the remote 
contact is made of the plug-and- 
socket type to facilitate the ready 
withdrawal of the breaker for 
maintenance purposes. 

Fig. 15 illustrates a 22 kV, 
250 MVA/500 MVA sheet-steel cubicle 
equipment, while Fig. 16 shows a 
cellular layout for 66 kV, 350 MVA. 


CONCLUSION. 


Air-blast breakers are now avail- 
able in all the leading industrial 
countries because of their superiority 
as interruptors. 

The principle of the axial blast can 
be readily applied to voltages from 
66 kV upwards at standard ratings. 
The question of susceptibility to rates 
of rise of recovery voltage can be 
overcome with ease by the incor- 
poration of parallel resistors. 

Harmful over-voltages are also 


Fig. 15.—22kV, 250 MVA/500 MVA Air-blast Circuit-breakers limited by this latter method. 


in sheet-steel cubicles. 


construction. To attempt to alter the con- 
figuration of the breaker, and possibly destroy its 
efficiency, in order to maintain a characteristic 
applicable to an article of production which 
functions according to an entirely different theory 
of operation, and which requires for reasons 
already stated to have its elements arranged in a 
specific order, would unduly handicap this new 
field of development for no good purpose. 

It is also thought desirable in the equipment 
layout to maintain all the inherent advantages of 
the oil-less feature and not to resort to any form 
of insulation which is likely to introduce risk of 
fire or explosion. Experience also shows that 
quite a number of engineers do not favour 
metalclad housings of any type, and desire to 
house the breakers in concrete or brick-work 
cells, whilst others prefer the sheet-steel cubicle 
type with the breaker readily removable. 

At this stage of the development it is not 
considered that air-blast breaker equipments, 
except for special duty demanding very frequent 
operation, will compare favourably in cost with 
oil circuit-breaker equipment at rupturing 
capacities below 250 MVA at 11 kV. 

It is, however, difficult to give direct compari- 
sons in cost, as allowances must be made for the 
omission of fire-fighting apparatus, partition walls, 
ete., all of which are unnecessary with air-blast 
equipments of the type not incorporating com- 
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Fig. 16.—6.6kV, 350 MVA Air-blast Circuit-breaker 
equipment in stone-work cell. 
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Air-blast breakers provide freedom from the 
dangers of explosion and completely eliminate 
fire hazard. 

There is positive operation, resulting in mini- 
mum arcing times at all values of current. 

Minimum deterioration of contacts, resulting in 
long life for repetitive operation. 


Making ”’ 
inspection. 

Clean and speedy inspection of arcing contacts 
possible only 3 minutes being required to dis- 
mantle and inspect one interrupting chamber. 

Elimination of large-capacity batteries with 
their problems of regulation for closing purposes. 


contacts exposed for ease of 


The Need for Oil Conservators on Transformers. 


By R. M. CHARLEY, M.C., B.Sc., M.I.E.E., Mem.A.LE.E. 


(Reprinted from the ‘ Electrical Times,” 7th October, 1943.) 


The tremendous demands being made on 
industry on account of the war have made it 
very clear that electricity supply, perhaps more 
than any other public service, is vital to the war 
effort. There have been large-scale extensions, 
including new power stations, high voltage lines 
for transmission of power in bulk, and lower 
voltage supplies for factories and other purposes. 
This work, accentuated by the insatiable demand 
for men for the armed forces, has placed a heavy 
load on supply undertakings, and it is becoming 
increasingly difficult for them to provide the 
maintenance necessary to ensure the highest 
degree of continuity of service. However, the 
record achieved by the electricity supply industry, 
even during the periods of severe bombing, has 
proved to be of a very high order. Nevertheless, 
it is axiomatic, that if any precautions can be 
taken to reduce the duties or even the anxieties, 
of the maintenance engineer, such course should 
be adopted without hesitation. 

The author has always advocated that trans- 
formers should be provided with oil conservators, 
particularly if they are for outdoor service. This 
feature is standard practice in this country for 
all high voltage and big transformers, but the 
argument can be extended to all sizes and all 
voltages. There is a considerable volume of 
evidence, which goes to show that if transformers 
had been provided with oil conservators, reliability 
would have been increased, maintenance would 
have been reduced, and, in some cases, disasters 
would have been avoided. 


FuNcTIONS OF CONSERVATORS. 


The first interesting feature of this construction 
is that the tank and fittings must be oil tight, and, 
therefore, it follows that the transformer must be 
weatherproof. If an oil conservator is not fitted, 
there is no indication that the transformer has 
failed in some point of weatherproofness until, at 
last, it breaks down. 


The transformer must breathe in order to allow 
for the expansion and contraction of the oil, and 
hence moisture may be present in the air-space 
above the oil; this moisture would condense on 
the comparatively cool under-surface of the tank 
cover, and drops of water would fall through the 
oil on to vital parts, eventually causing a failure 
of the trarisformer. The fitting of an oil conserva- 
tor eliminates this possibility. 

Perhaps the most important fact resulting 
from the fitting of an oil conservator is that the 
surface area of oil exposed to the atmosphere is 
greatly reduced, and, furthermore, the temperature 
of the surface of the oil in the conservator is much 


Fig. 1.—Conservator on 25 kVA Transformer, 
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Fig. 2.—Large Furnace Transformer fitted with conservator and Buchholz protection. 


lower than would be the temperature of the 
surfice of the oil in a transformer in which an 
oil conservator is not fitted. This fact is of great 
value in relation to the somewhat mysterious 
tendency for oil to develop acidity. 


Actpity oF OIL. 


The characteristic of oil to become acid has 
caused a considerable amount of trouble in recent 
years, and much investigation has been carried 
out in relation to it. The theory is that the oil 
naturally tends to oxidise, this process being 
aided by the presence of metallic copper, which 
acts as a catalyst ; part of the oil breaks down to 
form organic acids, some of which are volatile and 
of low molecular weight. In a _ transformer 
without an oil conservator these volatile acids 
condense on the underside of the tank cover, with 
the result that the steel cover is corroded and 
eventually eaten right through, and, during the 
process, it is likely that some of the corroded 
metal may fall into the transformer and cause a 
failure. If an oil conservator were fitted the 
tendency for oxidation would be greatly reduced, 
and in any case, the volatile acids would not be 
able to condense on the cover. While the addition 
of the oil conservator would not eliminate the 
tendency for the oil to develop acidity, there is 
no doubt it would greatly retard it, and prevent 
some of the unfortunate results. If this practice 
had been universally adopted years ago, much 
trouble would have been prevented. 

These experiences have shown that the acidity 
feature is more likely to be serious with oil of 
grade “A” than with oil of grade “ B.” One 
reason for this is that in the refining process 
necessary to produce oil of grade “‘ A” quality, 
some anti-oxidants are removed. But in either 
case the fitting of oil conservators would have 
retarded the trouble. 
has always recommended the use of grade “‘ B” 
oil, and it is interesting that the Central Electricity 


Incidentally, the author | 
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Board, from its in- 
ception, specified 
grade oil. To- 
day the only oil 
available is ‘‘ Pool,” 
oil which is equiva- 
lent to grade B.” 
There is an urgent 
necessity for B.S.148 
to be revised on the 
basis of research of 
oil producers and 
suggestions from 
transformer engineers, 
to cover a_ standard 
oil that will improve 
the good features and 
eliminate the bad fea- 
tures of oil used in 
the past. 

The characteristic of acidity is dependent to 
some extent on temperature, which is more 
serious in these days, when transformers are not 
subject to the same diversity as in normal times, 
and in many cases are severely overloaded. The 
condition of the oil is the determining feature in 
the reliability of the transformer, and the adoption 
of the oil conservator would undoubtedly increase 
its life. 


EXPLOSIVE GASES. 


In a transformer not provided with an oil 
conservator it is possible that, from various 
causes, the air-space above the oil may become 
permeated with volatile gases and an explosive 
mixture may be formed; if, then, a spark is 
produced in this space, an explosion may result. 
There are several instances of this happening ; 
one case being of a very serious nature in which it 
was difficult to realise that the results could have 
been caused by an explosion in a transformer. 
The cover was blown off against the restraint of 
24 }-in. bolts ; in a roof 100 ft. away and 60 ft. 
above the ground a hole about 30 ft. by 20 ft. in 
area was torn ; two large steel doors about 120 ft. 
and 150 ft. away were blown out. If this trans- 
former had been fitted with an oil conservator, 
the origin of the fault would not have been 
prevented, but the resulting disaster would not 
have occurred. 


The extra cost for the addition of oil conserva- 
tors is comparatively small, varying from a few 
per cent. on small transformers to a fraction of 
1 per cent. on large units. When considered as 
an insurance premium against possible failure and 
increased maintenance, the additional capital 
expenditure is easily justified. If the feature 


became a standard, no doubt the extra cost would 
be reduced. A typical example of a small trans- 
former with oil conservator is shown in Fig. 1. 
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BucHHoLz PROTECTION. 


A further reason for the 
general adoption of the oil 
conservator is that it is 
essential for the successful 
operation of Buchholz _pro- 
tection. It will be realised 
that there are several appli- 
cations of transformers where 
no other form of protection 
can be applied. It is com 
mon practice on the Grid for 
an auxiliary transformer or 
earthing transformer to be 
connected directly to the 
low-voltage side of the main 
transformer ; in all such cases 
a single-float Buchholz device 
is fitted, as shown in Fig. 3. 

An are furnace transformer 
is characterised by the wide 
range of voltage required 
on the secondary side, which 
is obtained by tappings on 
the primary side, usually 
with the addition of star and 
delta connections, and also 
by the heavy current on the 
furnace side. The fitting of an 
oil conservator is more difficult 
in this case, but it is carried out very effectively by 
the arrangement illustrated in Fig. 2, as applied to 
a large furnace transformer. Again, a reactor can 
be protected only by the Buchholz principle, and 
as it is itself an important safeguard to the 
supply system, the provision of an oil conservator 
with Buchholz protection is well justified. 

The purpose of this article is to endeavour to 
show that, from many points of view, the 


Fig. 3.—Conservator and Buchholz protection on Earthing Transformer. 


application of the oil conservators should be 
considered not as an additional frill or luxury, 
but as an essential feature which should become 
standard. This recommendation is primarily in 
the interests of reliability of transformers at all 
times, but, particularly in the present emergency, 
when maintenance staffs are hard-pressed, and 
any feature that helps them to maintain con- 
tinuity of supply should be adopted. 


The Problem of the Cold Mill Drive. 


A Consideration of the Methods of Driving and Controlling 
Single-Stand Cold Strip Mills. 


By R. P E. Tabb, B.Sc., A.C.G.I., A.M.LE.E., Assoc. A.LE.E., Special Engineering Section, 
and A. M. Fletcher, Birmingham Branch. 


THE PROBLEM. 


The problem facing the purchaser of the mill 
is straightforward—a specified weight of strip of 
the required gauge and quality must be produced 
by the mill in a certain time. This involves a 
certain physical size of mill stand, operating at 
a maximum speed adequate to give the output 


quantity. This output is by no means directly 
proportional to the maximum speed of the mill, 
since the time taken for the mill to deal with the 
coiled strip is made up of manipulation and 
running time. In the manipulation is included 
the time for entering the strip into the mill and 
the coilers, setting the screws and gauging. With 
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a@ heavy coil, ie., a great length of strip, the 
manipulating time becomes a small proportion 
of the total time and it is economic to run at a 
high maximum strip speed. With short coils, 
however, a considerable proportion of the total 
time is taken in threading the mill and maximum 
output can often be best ensured by paying 
attention to the factors controlling the manipu- 
lating time rather than by increasing the rolling 
speed. 

Selection of the most appropriate drive is 
influenced by the market for which the mill is 
intended to cater. A plant for the production of 
high tonnage of large coils in a limited variety of 
gauges and widths may justify a high-speed drive 
and elaborate handling gear, whereas a mill 
required for a diversity of products often does 
not warrant such an installation. It is found, 
however, that even on these simpler general 
purpose mills, facilities for control of speed over 
a reasonable range and for easy manipulation are 
amply justified by the improvement in the 
quality of the product and the reduction in the 
percentage of scrap. 

The essentials of the mill mechanical equipment 
are the work rolls, coilers, and screwdown mechan- 
ism, With a reversing mill there will be a driven 
coiler on each side and in%a non-reversing mill a 
coiler only on the winding side. 

These coilers usually take the form of ex- 
panding or slotted drums on which the strip is 
wound and they may be mechanically driven 
from the mill motor through reduction gear and 
slipping clutches. In the case of electric ten- 
sioning, they are usually driven by separate 
motors. 

The following pertinent questions arise when 
considering the type of electric drive for the mill : 


Wuat PowER IS REQUIRED FOR ROLLING ? 


The determination of the power required for 
the necessary reductions at specified speeds is a 
relatively simple calculation based on the phy- 
sical properties of the material and the speed of 
rolling. The horse-power arrived at by this 
method should, however, be correlated with the 
physical dimensions of the mill, since experience 
shows that a given size of mill cannot absorb more 
than a certain maximum power, however high a 
secrewdown pressure is applied. Over-motoring 
of a mill may in certain cases be as great a 
disadvantage as under-powering, since thereby 
capital is needlessly expended on _ electrical 
equipment. The power to be exerted by the 
driving motor is essentially of a very variable 
nature. The first passes of a programme will be 
of relatively short duration requiring high rolling 
torques, but the later and finishing passes usually 
require less torque but for longer periods. 
Advantage of this factor may be taken in the 
rating of the motor, in that use may be made of 


the motor overload capacity for the heavy 
passes, but taking the whole programme into 
consideration the effective loading on the motor 
will approximate to its continuous rating—for 
example, on the first few passes the motor may be 
producing a torque 30 per cent. in excess of its 
full load torque but on the finishing passes the 
torque may fall considerably below the full load 
value. 


Is THE MoTOR SUITABLE FOR RUNNING THE MILL 
IN BOTH DIRECTIONS ? 


Even with a mill that is normally non-reversing 
it is desirable to make the motor suitable for 
running the mill backwards for emergency 
conditions, thus on both reversing and non- 
reversing mills the motor must be suitably 
strengthened to withstand shock torques in either 
direction and must be capable of being operated 
in either direction without a complicated elec- 
trical changeover system. 


WILL THE DRIVE START THE MILL WITH THE 
ROLLS UNDER PRESSURE ? 


The strip mill is frequently started with the 
rolls serewed down on the material to give the 
desired reduction and experience shows that, 
particularly with non-ferrous metals, the torque 
required to break the mill away from rest may be 
several times that required for steady-speed 
running. It is only necessary for the motor to 
exert this ‘‘ break away torque’ for perhaps a 
fraction of a revolution, but this condition 
creates a heavy and sudden shock load on the 
driving motor. If the drive will not stand up to 
this condi ion, the reductions which can be made 
are greatly reduced and the mill output conse- 
quently impaired. 


Can THE MILL BE THREADED EFFICIENTLY ? 


It is desirable to be able to thread the strip 
into the mill with the rolls screwed down, at a 
rate considerably lower than the maximum rolling 
speed. For a small mill about 30 ft. per minute 
is not an unreasonable figure. This enables the 
operator to pass through the rolls as little as a 
foot of strip, which then may be checked for 
gauge and any subsequent necessary screw 
adjustment made. By this means the amount of 
scrap is reduced to a minimum. As the desirable 
threading speed of the mill is sensibly independent 
of the optimum rolling speed, the ratio of rolling 
speed to threading speed increases as the rolling 
speed is pushed up. This factor has an important 
bearing on the type of drive selected. 


Is THE DRIVE SUITABLE FOR ROLLING 
GAUGE MATERIAL ? 

The driving equipment must be proportioned 
to deal with the maximum mill duty, but it does 
not always follow that tbe mill will be working 
Circumstances may arise 
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whereby the rolling duty may be very much less 

than the maximum and if such a condition is 
- likely to occur cons‘deration must be given in 
selecting the drive. 


Is THE DRIVE SUITABLE FOR THE APPLICATION 
oF ELECTRIC TENSIONING ? 


There is a marked tendency towards electrically- 
controlled tensioning systems in even small 
single-stand strip mills. The introduction of this 
feature raises additional problems on the drive 
but means have been devised for successfully 
overcoming these. 

The satisfactory operation of the coilers with 
the mill is facilitated by the variable voltage 
system and thus the introduction of electric 
tensioning, in itself, largely determines the 
adoption of this class of drive. 


WHEN CAN AN ALTERNATING CURRENT MOTOR BE 
? 


The slipring induction motor has been used 
satisfactorily on small strip mills, but this is 
primarily a constant speed drive. From con- 
siderations of ease of manipulation it should 
preferably not be used for mills having a higher 
speed than about 150 ft. per minute. 

Reduction in speed below the maximum can 
be effected by the insertion of suitable resistance 
in the rotor circuit of the motor, but the speed 
reduction obtained with a given resistance is 
dependent on the load on the mill. 

Thus, the rotor circuit resistance selected for 
giving a suitable threading speed for thick strip 
will give insufficient speed reduction when 
threading light-gauge material. For mill motors 
of up to about 100 H.P. reasonable manipulating 
conditions may be obtained by using a drum 
controller with a large number of steps for 
“inching ’’ and starting the mill. With this 
arrangement, the controller can be moved by the 
operator until the mill just starts to crawl. The 
threading facilities may often be improved by the 
introduction of a ‘‘ two-speed ”’ slipring induction 
motor, where change from one operating speed to 
another is effected by a reconnection of the 
windings by contactor gear. The mill may thus 
be threaded on the low-speed connection and the 
maximum rolling speed obtained with the high- 
speed connection. 

The maximum torque which should be exerted 
by a normal design of motor of this type is about 
twice the full-load torque. This, in certain 
cases, is insufficient for starting the mill from rest 
under heavy reductions and the motor must be 
specially designed to meet the more onerous 
conditions. This involves increasing the motor 
size and consequent cost. 

Reversal of direction is obtained very simply 
by changing over two of the three connections to 
the motor/stator winding. 
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The variable rates of acceleration obtained 
with the slipring motor under differing conditions 
of load make it undesirable as a main roll drive 
when electric tensioning of the strip is used. 

The use of the slipring induction motor is thus 
confined to small mills with mechanically-driven 
coiling mechanisms operating at a maximum 
speed of about 150 F.P.M., and usually involving 
motor sizes up to about 300 H.P. In this sphere 
the motor, when correctly designed, provides a 
simple and reliable drive. 


WHEN SHOULD A Drrect CURRENT MOTOR BE 
USED ? 


A motor operating from a constant voltage 
D.C. system may be varied in speed by varying 
the shunt-field excitation. As this can be effected 
by a faceplate rheostat with a large number of 
steps, a smooth change in speed can be obtained 
with choice of almost any intermediate speed in 
the rated range. 

A reasonable ratio of maximum to minimum 
speed by shunt-field control for a mill motor is 
about 3. Thus, a 500 H.P. motor may be varied 
in speed between, say, 300 and 900 R.P.M. by 
this method. The resultant torque-speed charac- 
teristic of the motor is particularly well suited to 
the loadings obtaining in strip rolling. The 
torque that such a motor will produce at 300 
R.P.M. is three times that under the 900 R.P.M. 
condition—i.e., the torque is inversely propor- 
tional to the speed and the motor gives constant 
horse-power output over the shunt-field speed 
range. In a strip rolling programme, therefore, 
the early passes of short duration may be taken 
at low speed with maximum shunt-field excitation 
on the motor and the finishing passes involving a 
greater length of strip are taken at higher speed 
with reduced shunt-field excitation. As the early 
passes almost invariably involve the heavier 
rolling torques and the torque required by the 
finishing passes falls off, the rolling requirements 
match well with the motor characteristics. 

As the longer strip lengths occur on the 
finishing passes, the ratio of threading time to 
rolling time is reduced and output is increased by 
the higher speeds obtained. 

With the particular speed range cited above, 
the mill may be geared to give say, 300 F.P.M. 
at 900 R.P.M. of the motor and thus will give 
100 F.P.M. at the minimum motor speed. The 
mill speed for a given motor shunt-field setting is 
sensibly independent of load and thus stable 
rolling conditions are ensured. 

It is still necessary with such a motor to provide 
means for reducing the strip speed to below 
minimum rolling value for reasonable threading 
conditions. This is achieved by the insertion of 
resistance in the armature circuit of the motor. 
However, as in the case of the slipring induction 
motor, the drop in speed for a given value of 
inserted resistance is dependent on the load. 
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Fig. 1.—Two-high 18 in. x 30 in. non-reversing Strip Mill with Ward-Leonard variable voltage drive. 


Thus, an “inching” resistance which may be 
suitable for heavy gauge rolling will produce 
insufficient speed drop for light gauges. A cure 
for this situation is obtained by a variable 
“inching ”’ resistance. This may either be set 
for a given rolling condition or varied by the 
operator to suit any given rolling torque by the 
use of a drum controller operating directly on the 
armature circuit resistance in the case of a small 
motor, or through contactors for a large motor. 

The range of strip speed variation possible by 
mill motor shunt-field control considerably eases 
the threading speed problem on a D.C. motor 
drive. The mill should be threaded with maxi- 
mum field excitation on the motor, thus reducing 
the degree of speed reduction necessary by 
armature resistance control. 

A very valuable characteristic of the direct 
current motor is the high starting torque avail- 
able. The ratio of momentary available starting 
torque to full rated torque inherently available 
in a standard design of D.C. motor is much greater 
than in the case of any standard design of A.C. 
drive. 

Reversal of rolling direction is brought about 
by a simple arrangement of armature - circuit 
contactors. 

The speed variation obtainable with this 
system greatly widens the scope. As a result, 


this class of drive may be satisfactorily applied on 
mills with mechanically-driven coilers running at 
maximum speeds of about 400 F.P.M. 


WHAT IS THE USEFUL SPHERE OF THE VARIABLE 
VoLtTaGE Direct CuRRENT DRIVE ? 


In this system, variation in mill speed is effected 
by varying the voltage applied to the direct 
current motor driving the mill, and speed control 
from standstill up to maximum rated speed may 
be obtained smoothly, rapidly and if necessary 
at a controlled rate. 

The usual form of this drive is the ‘* Ward- 
Leonard ” system in which the mill motor is fed 
from a D.C. generator driven at constant speed. 
The generator voltage is varied by control of the 
excitation current and as this is achieved by a 
faceplate rheostat, an almost infinite selection of 
speeds is obtainable. The mill may thus be 
geared for any practicable value of maximum 
rolling speed, but a stable low threading speed 
for any rolling torque may be still obtained. 

The variable voltage system thus paves the 
way for high-speed rolling coupled with simple 
manipulation. Maximum rolling speeds with 
single-stand mills of 1,000 F.P.M. are common, 
but the ease of manipulation of the mill has made 
the system attractive even for speeds as low as 
200 F.P.M. 
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Fig. 2.—Ward-Leonard variable voltage equipment 
for Strip Mill. 
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Fig 3.—Alternative form of variable voltage 
equipment for Strip Mill drive. 
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The high “ break away torque ”’ characteristics 
of the direct current drive are inherent in the 
system, and the direct current mill motor may 
have speed variation by shunt-field control in 
addition to the variable voltage speed control. 
The addition of this latter feature considerably 
increases the flexibility of the equipment. 

The variable voltage speed control system 
involves a separate generator for each mill motor. 
A decrease in capital cost may be obtained when 
a group of mills is to be equipped with variable 
voltage control. In this case, the individual 
generators may be coupled together and driven 
by a common squirrel cage or slipring induction 
motor. 

Fig. | shows a ‘ Two-high” 18 in. x30 in. 
non-reversing strip mill equipment with Ward- 
Leonard variable voltage drive. The maximum 
strip speed obtainable is 450 F.P.M., and by 
means of a handwheel on the rheostat cabinet in 
the left foreground any rolling speed between a 
slow creep and the rated maximum can _ be 
obtained. The strip is coiled on a sleeve driven 
from the mill through a slipping clutch. 


The electrical circuits associated with this drive 
are illustrated in Fig. 2. The variable voltage 
motor generator set consists of a 470 H.P. slip- 
ring induction motor driving a 316 kW. variable 
voltage generator and constant voltage exciter. 
This latter machine gives a 250-volt supply for 
exciting the mill motor and generator fields. 


The mill motor has a maximum output of 
400 H.P. over a speed range of 400 to 900 R.P.M. 
The speed range from standstill to 400 R.P.M. is 
covered by generator voltage variation, giving 
control of mill speed from 0 to 200 F.P.M. The 
speed range from 400 to 900 R.P.M. is effected by 
variation of the mill motor excitation; this 
extends the maximum speed of the mill to 450 
F.P.M. As will be noted from Fig. 2, the rheo- 
stats for generator and motor field variation are 
combined into one unit operated by the single 
handwheel shown in Fig. 1. 

Where a constant voltage D.C. supply is 
available, the size of the variable voltage motor- 
generator set may be reduced by the arrangement 
shown in the diagram of Fig. 3. 

The maximum advantage is obtained when 
the mill motor can be designed for twice the 
voltage of the D.C. supply. The maximum 
generator voltage is equal to the D.C. supply 
voltage. By means of a potentiometer rheostat 
feeding the shunt-field the voltage can be varied 
so as to assist or oppose the D.C. supply. Thus 
with a 250-volt supply, the mill motor can be 
wound for 500 volts and the generator bucks the 
supply by 250 volts when the mill motor is at 
rest and boosts by 250 volts for full speed. A 
continuously variable voltage supply between 0 
and 500 volts is thus applied to the mill motor. 
This enables the motor-generator set to be 
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reduced to 50 per cent. of the capacity of the 
straight Ward Leonard system. With the mill at 
full speed, 50 per cent. of the mill motor power is 
taken from the D.C. system and 50 per cent. is 
drawn through the motor-generator set. 

It is not always practicable to obtain the 
maximum advantage but the scheme is still 
attractive even when the mill motor is built for a 
voltage of about 40 per cent. in excess of the 
D.C. system voltage. 

Fig. 4 shows schematically a variable voltage 
strip mill drive where speed variation from stand- 
still up to full rated speed is obtained from a 
variable voltage grid-controlled rectifier fed from 
an A.C. system. This arrangement permits a low 
threading speed and high running speed, but 
variation of the actual rolling speed is best 
obtained by variation of the mill motor shunt- 
field, thus leaving the grid control for threading 
and accelerating only. 


THE TENSION PROBLEM. 


Where accurate control of the strip tension 
between mill and coiler is required, electric 
tensioning is finding favour. This involves a 
separate motor driving the coiler. In the case of 
a single-stand reversing strip mill, there are 
coilers back and front of the mill. Each coiler 
then has its own drive machine, that on the un- 
winding side operating as a generator driven by 
the strip, so producing back or drag tension. 

The D.C. motor provides a convenient medium 
for coiler drive, owing to the ease of control of the 
torque by an automatic current regulator 
responsive to the motor-armature current. When 
the mill is running at a steady speed, the coiler 
motor torque alone determines the tension. 
During acceleration and deceleration of the mill the 
coiler motor torque must be modified from the 
steady state value to compensate for the mechani- 
cal inertia of the coiler drive. This involves 
making the automatic regulator not only respon- 
sive to coiler-motor armature current, but to 
rate of change of speed of the mill. This feature 
of the tension control system is most important in 
controlling the gauge of the strip during the 
acceleration and deceleration of the mill. 

Modern cold reduction mill technique relies to 
a large extent on the use of tension for producing 
heavy reductions and accurate gauges. In the 
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design of a tension control system, great care must 
therefore be taken to ensure that under all mill 
speeds and changes of speed, the tension does not 
depart from the preset value. 

The automatic regulators can take the form of 
a sensitive and accurate instrument ; alternatively, 
under some conditions, a special control exciter 
responsive to armature circuit current changes 
has been successfully used. 

Smooth acceleration of the mill is of prime 
value in assisting these conditions and it is with 
electric tensioning systems that the D.C. variable 
voltage system shows to great advantage. 

The frontispiece shows a mill equipped with a 
Ward Leonard drive where electric tensioning is 
used extensively. This is a temper passing mill, 
operating at a maximum speed of 1,000 F.P.M., 
for producing a controlled degree of work harden- 
ing on steel strip for tinplate. The elements of 
the mill are shown schematically in Fig. 5. 
From this it will be noted that the strip passes 
from an uncoiler, through the work rolls, through 
pulling rolls and finally on to a coiling reel. Each 
element has a separate D.C. drive machine fed 
from variable voltage and automatic electric 
tension regulators are provided on the uncoiling, 
pulling roll and coiling machines to maintain the 
three tensions T,, T, and T,; independently 
at predetermined values, 
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